Objective: The radial artery is often used for coronary angiography, with a demonstrated decrease in local complications and an increase in postoperative mobility of the patient. Data on radial artery access for peripheral endovascular procedures, however, are limited. We describe our experience with radial artery access for diagnostic and endovascular interventions.
Radial artery access is well described and used for coronary intervention. Multicenter trials, such as radial vs femoral access for coronary angiography and intervention in patients with acute coronary syndromes (RIVAL), indicate the possibility for decreased local complications compared with femoral access. 1 Furthermore, radial access could allow increased mobility and satisfaction of the patient after the procedure. There continues to be a paucity of such data regarding peripheral vascular procedures, particularly in an outpatient setting, as concern for major complications and limited intervention capability remain. Accordingly, we retrospectively reviewed 30-day complications in 95 cases using radial access to determine the safety and efficacy of radial access in an outpatient office setting.
METHODS
Eighty consecutive patients underwent 95 outpatient procedures between February 2012 and March 2015 using radial artery access alone or in conjunction with other access points. Indications for surgery included atherosclerosis with rest pain, mesenteric ischemia, abdominal aortic aneurysm endoleak, subclavian steal, vertebrobasilar insufficiency, and carotid stenosis. Patients were evaluated with the Allen test preoperatively. In all cases, the radial artery was accessed using two-dimensional ultrasound guidance and a modified Seldinger technique with either a 4F or 5F micropuncture set.
Intraoperative radial artery nitroglycerin (100-200 mg)
was administered in all cases. Heparin (75-100 units/kg) intravenously was used in all cases with no reversal, and all patients were treated with oral antiplatelet therapies including aspirin and clopidogrel (Plavix; Bristol-Myers Squibb, Washington, D.C.; Sanofi Aventis, Bridgewater, NJ). Postoperative radial access site hemostasis was achieved using manual compression or the TR band (Terumo Medical, Tokyo, Japan) with or without suture. Patients were discharged in stable condition once the TR band was fully deflated.
Waiver of informed consent was granted by Aspire Institutional Review Board. Patient data were analyzed by retrospective chart review with appropriate Aspire Institutional Review Board approval to assess major and minor complications occurring within 30 days after the procedure. Major complications were classified as any adverse outcomes involving any immediate hospitalization, stroke, hand ischemia, hand amputation, hematoma requiring operation, pseudoaneurysm, arteriovenous fistula placement, and death. Minor complications included any nonoperative hematoma or asymptomatic radial artery thrombosis. Radial artery patency assessment was performed at 30-day follow-up and thereafter by clinical examination.
Descriptive analyses were performed with a twosample t-test as appropriate. In all analyses, P < .05 was considered significant. All analyses were performed using the statistical software Stata (version 14; StataCorp, College Station, Tex).
RESULTS
In these 80 patients (47.4% female, 52.6% male), mean age was 72 6 9.4 years. The most common comorbidities were hypertension, past tobacco use, and hyperlipidemia (Table I ). This subset of cases involving radial access composed 2.1% of the total procedures performed by vascular surgeons in our group at an outpatient endovascular suite. Fig 1 shows the gradual increase in the number of these cases each year.
In 76 cases (80%), the radial artery was the only access site used. The radial artery was the primary access site in 11 cases (11.6%), with subsequent sites including the femoral artery in 10 cases (10.5%) and the popliteal in 1 case (1.1%) used in conjunction for distal vessel intervention. In seven cases (7.4%), the radial artery was used secondarily after an initial access point was established to complete interventions that were not otherwise possible. In one unique case, concerted use of multiple access sites facilitated removal of a foreign body in the aorta. In addition, the radial artery was accessed in one case (1.1%) to complete aortography only. All interventions in this case were completed using other access sites. The left radial artery was accessed in 83 cases (87.4%), and the right was accessed in 12 (12.6%). Maximum sheath sizes used at the radial artery access point ranged from 4F to 7F (Fig 2) .
Overall, 15.8% of cases were diagnostic in nature, and 84.2% included therapeutic intervention. Interventional procedures consisted of angioplasty only in 12.6% of cases, angioplasty with stenting in 36.8%, angioplasty with atherectomy in 5.3%, and angioplasty with atherectomy and stenting in 28.4%. Pudendal artery embolization was performed in a single case, representing 1.1% of the total (Table II) .
Vessels were accessed at various anatomic locations. These included the aortic arch in 18.9% of cases; the aortoiliac system in 12.6%; the femoral only in 12.6%; the aortoiliac and femoral in 27.4%; the visceral/renal in 21.1%; the visceral and aortoiliac in 4.2%; the visceral, aortoiliac, and femoral in 2.1%; and the visceral and femoral in 1.1% (Table III) . The farthest vessel intervened on using radial access only was the popliteal artery. Postoperative radial access site hemostasis was achieved using the TR band with or without suture in 77.9% of cases and manual compression in 22.1% of cases (Table IV) .
Average time for recovery of the patient for all cases was 3 hours 15 minutes. In cases that used the radial artery as the sole point of access, average recovery time was 3 hours 7 minutes. In cases with multiple access points, the average was 3 hours 48 minutes. To establish comparison, a subset of 95 random patients with femoral artery access alone, who received treatment at the same facilities, were evaluated for average time spent in recovery. The average recovery time for this subgroup (2 hours 17 minutes) was less than for radial access (P < .05; Table V) . Nearly all patients were transferred to recovery and discharged the same day, with the exception of a single outlier. This patient was transferred to the intensive care unit for celiac artery perforation unrelated to the access site. Findings indicate that major adverse outcomes occurred in three cases, which composed 3.2% of the total. The first was a perforation of a branch of the celiac artery, which was unrelated to the access, leading to intensive care unit admission with discharge the following day. The second was due to a non-STelevation myocardial infarction and exacerbation of congestive heart failure, requiring hospital admission the day after the procedure and ultimately resulting in death. The third major adverse event involved hospitalization due to reperfusion phenomenon 3 days postoperatively, ultimately resulting in amputation. The indication for radial artery access in this patient was as a secondary access point for retrieval of a foreign object.
Minor complications occurred in three (3.2%) cases, and all were hematomas that resolved without hospitalization or operative intervention. In the 30-day follow-up, 20% of patients had undergone additional procedures, none of which were performed to mitigate local complications. There was no occurrence of stroke, hand ischemia, or hand amputation at 30 days in our population of patients. At 30 days, there was no clinical evidence of any radial arterial occlusion. Subsequent access from the same radial artery was achieved in 10 patients. In two of these patients, the radial artery was accessed more than twice.
DISCUSSION
Radial artery access is often avoided because of concern for serious complications, such as hand ischemia or hand amputations. Our data suggest that these potential problems may be overstated. Other examples exist within the cardiology literature that provide further supporting evidence. These include large, multicenter trials comparing radial and femoral access that have demonstrated minimal or absent instances of major complication. 1, 2 One systematic overview and meta-analysis of randomized trials from 2004 concluded that the use of a transradial approach for coronary procedures yielded results similar to transfemoral access while also decreasing rates of access-related vascular complications. 3 Another 4 The major adverse events of large hematoma, pseudoaneurysm requiring closure, arteriovenous fistula placement, and limb ischemia requiring surgery were not observed within our population of patients. This corresponds to the minimal frequency observed in other larger trials (Table VI) . 2, 4 In our practice, surgeons routinely use the femoral artery for primary access based on habit and personal preference. The radial artery is used only for specific clinical indications, such as for visceral/renal artery access, in the presence of an aortobifemoral bypass graft, or when other femoral artery access is unavailable. Therefore, there were no specific exclusion criteria for use of the radial artery as a primary access point, although we would not use the radial artery to access the distal superior femoral, popliteal, or tibial arteries because of restrictions placed by the limited length of existing catheters and wires.
Radial artery access is traditionally preferred only within a narrowly defined population of patients, based on indication, estimated radial artery size, and demographics of the patients. Extensive literature exists describing average radial artery diameter and influencing factors. A 2005 study in 1191 subjects reported a mean radial artery diameter of 2.60 6 0.41 mm (2.69 6 0.40 mm in men and 2.43 6 0.38 mm in women) using twodimensional ultrasound. This study showed that the diameter of the radial artery was greater than the outer diameter of a 5F sheath in 82.7% of patients. 5 Another study found an average radial artery diameter of 2.3 6 0.40 mm (2.3 6 0.38 mm in men and 2.1 6 0.42 mm in women). The same study also found a positive correlation between radial artery diameter and body weight as well as wrist diameter. 6 In a 2014 study in 204 patients, Beniwal et al reported that hypertensive patients had larger mean radial artery diameter than nonhypertensive patients (2.383 mm vs 2.272 mm). 7 Conflicting evidence exists as to whether age influences radial artery size. Loh et al observed a negative correlation, 8 whereas Velasco et al found no significance. 9 Of note, the study population of Velasco et al had an average age of 35 years. An increase in age does, however, correspond with an increase in tortuosity. 5 The classic mesenteric ischemia patient is often a woman of advanced age. This raises concern, given the correlation between tortuosity and decreased radial artery diameter. 5, 6 Despite this, our data indicate that a majority of our patients with mesenteric ischemia tolerated a 6F sheath. These results support that with proper technique and appropriate use of nitroglycerin, radial artery access is an effective choice for treating mesenteric ischemia. Thus, an even more suitable subgroup may be patients with a previously placed mesenteric artery stent requiring balloon angioplasty achievable with a 5F sheath. The sheath size used for radial access can have a possible significant effect on the likelihood of radial artery occlusion. The Leipzig prospective vascular ultrasound registry in radial artery catheterization showed a 14.4% incidence of access complication when a 5F sheath was used vs 33.1% when 6F sheaths were used. 2 In addition, radial artery occlusion occurred in 13.7% with the use of 5F sheaths compared with 30.5% with 6F sheaths.
Access site complications were reported in 42.5% of patients in the study of Uhlemann et al. 2 These included immediately symptomatic patients, who were defined as having a painful forearm and thenar (most common), loss of handgrip force, and paresthesia. Sheath size did not show any effect on the rate of hemorrhage, pseudoaneurysm, or arteriovenous fistula, which is consistent with our data. In addition, no instance of critical limb ischemia was reported, which also supports our findings.
There was no clinical evidence of radial artery occlusion at 30 days, although patency was not confirmed by performing a routine duplex ultrasound scan. In some cases, patients had subsequent access through the same radial artery. This demonstrates that repeated radial access can be achieved through the same artery if needed. All of our cases used intraoperative nitroglycerin, which is shown to be associated with a lower incidence of radial artery occlusion. 10 In a trial comparing hemostasis with the TR band in 400 patients randomized to 2-hour vs 6-hour compression times, hemostatic compression time and radial artery occlusion were examined. Lower incidence of both early and chronic radial artery occlusion was seen with shorter durations of compression. 11 This did not occur with any observed increase in bleeding complications. Our population of patients had an average of 3 hours in recovery with the TR band. Femoral access complication rates in obese patients can be concerningly high. 12 Comparatively, radial artery access may provide a preferable alternative. Although a direct comparison is beyond the scope of this study, our practice reported an access-related complication rate of 1.18%. 13 Radial access offers the benefit of superior postprocedure mobility and allows patients the ability to sit upright immediately after surgery. 14 This can be especially beneficial in patients with lumbosacral spinal diseases. A transradial approach may also offer less potential risk of hematoma and median nerve injury vs brachial access for visceral interventions. The cardiology literature emphasizes the reduction in mortality with radial artery access vs femoral artery access for patients presenting with ST-elevation myocardial infarction. 15 The significance of this in our population of patients is unknown. Disadvantages of radial artery access include limitations on endovascular device length and access site. Intervention was restricted to sites above the adductor canal for most of our patients, although in one case the popliteal was accessed and angioplasty performed. Nonetheless, in patients with extensive bilateral femoral disease, the radial artery can be considered for intervention, perhaps as a second choice based on the extent of the patient's disease. As the field of vascular surgery rapidly advances, the possibility that longer devices will be developed in the future cannot be overlooked.
Additional evidence suggests that higher rates of crossover exist in cases using radial access vs femoral (7.6% vs 2.2%, respectively, in the RIVAL trial). These instances of crossover commonly occur secondary to radial spasm, subclavian tortuosity, and radial artery loop. 1, 16 Also, avoiding the radial artery in hemodialysis candidates to preserve possible future sites of fistula placement is prudent. Surprisingly, the average time spent in recovery with radial artery access was higher than with femoral access only. Recovery room staff indicated that this difference was secondary to a conservative approach to deflating the TR band, rather than lack of technical success in achieving access. The learning curve for radial artery access is steep, and the operator's skill level would likely affect procedure time. 16 Another interesting study focused on the difference between radiation exposures for percutaneous coronary interventions using femoral or radial access. The trial of Pancholy et al in 1493 subjects reported that left radial access showed higher levels of operator radiation exposure than both right radial access and femoral access. 17 Operator radiation exposure may be a function of shielding and distance from the source. Catheterization laboratories are typically designed to accommodate right-sided procedures. Because of this, we can hypothesize that accessing the right radial artery for lower extremity interventions would put the most distance between the surgeon and the source of radiation. The left radial artery, however, is generally a superior site for access. Although an increased risk of radiation exposure clearly does not act as an incentive to use radial artery access, it can be taken into consideration with all other factors being equal from the patient's standpoint.
Although the preoperative Allen test result and evidence of the radial pulse on postoperative checkup were verified, our study was limited in that they were not consistently documented. Because of this, we will consider more objective measures such as pulse oximetry and plethysmography evaluation of the radial artery in the future. In one trial in 1010 patients, both methods were more sensitive than the Allen test alone and allowed a larger cohort of patients to undergo percutaneous transradial intervention. 18 
CONCLUSIONS
The use of radial artery access in our set of cases showed low rates of major and minor complication and did not result in the feared complications of stroke, hand ischemia, or hand amputation. These low complication rates are consistent with studies that investigate the efficacy of radial access for coronary procedures. Compression at the radial access site did prolong recovery time by approximately 1 hour; however, bleeding resolved in all cases, and none resulted in hematoma AV, Arteriovenous; RIVAL, radial vs femoral access for coronary angiography and intervention in patients with acute coronary syndromes.
Comparison of major adverse events evaluated in major trials and the incidence of those events in our patient subset (two-sample test of proportions shows no significant difference with P ¼ .37 in comparing our data and RIVAL trial and P ¼ .72 in comparing our data and Leipzig trial). Data from Uhlemann et al. 2 requiring intervention. Our results suggest that the radial artery is an effective access choice for peripheral vascular intervention in an outpatient setting and perhaps even a preferential choice for the appropriate patient.
